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LOCATION. 

The  location  of  the  :^-roposed  three  span  arch 
is  at  the  crossing  of  Humboldt  Blvd.  with  the  branch 
of  the  G.::.  &  Gt.  P.  Ry  known  as  the  "lorininrdale  Road. 
The  location  of  said  crossing  is  about  tv/o  blocks  north 
of  North  Avenue^    The  territory  under  discussion  is 
undor  the  jurisdiction  of  the  '.Test  Park  Commissioners, 

KIND  0?  CROSSING  OR  SUB»7AY. 

By  ordinance  passed  by  the  council  of  the 
City  of  Chicago  on  June  27,  1910,  the  0.:i.   ^c  Zt,    P.:'.y. 
is  forced  to  cross  over  Ilur.boldt  Dlvd.  by  means  of  a 
bridge  on  or  before  June  C7,  1915.    The  clear  head 
room  must  be  13' -6"  from  the  street  level.   According 
to  the  Engineering  Department  of  the  '.Test  Park  Com- 
missioners the  Railv:ay  v/ill  be  allov7Rd  to  depress  the 
Boulevard,  v;hich  is  250  feet  v/ide  and  consists  of  t'.-o 
streets  50  feet,  one  main  boulevard  of  75  feet  and  tr/o 
60  foot  parkr;ays,  tv/o  feet  and  still  not  interfere  .".-ith 
the  sevrer  gra;les.   The  ordinance  of  the  city  docs  not 
provide  for'  any  particular  type  of  bridge.   However^  it 
allows  the  Railway  to  place  piers  in  the  center  of 
center  drive  v/ay. 


PURPOSE  OF  TliESIS. 

It  was  the  desire  of  the  '.Test  Park  Commission- 
ers  to  have  a  bridge  erected  ivhich  .voul:l  be  in  keeping 
v.'ith  the  p--.rpose  of  the  parkviray;  namely,  pleasing  to  the 
eye.   The  only  bridge  \Yhlch  possessed  the  required  beauty 
was  a  sjistem  of  arches.   Such  a  plan,  hov/ever,  the  Rail- 
way claimed  was  too  expensive  to  consider.    The  purpose 
of  our  thesis,  then,  v/as  to  investigate  the  practicability 
of  crossing  Humboldt  Blvd.  by  means  of  a  series  of  arches 
and  to  draw  up  a  plan  for  the  crossing, 

DETl^RinMTICN  OF  THE  ARCHEo. 
As  seen  on  plate  1,  the  parkvyay  consists  of 
three  driveways  and  two  parkv/ays.   After  drawing  up 
arches  of  various  spa.ns  it  v/as  decided  that  the  most 
pleasing  effect,  other  points  conoidered,  could  be 
obtained  with  a  center  arch  of  90' -0"  span  and  two 
end  arches  of  70 '-0"  span.    In  deter:nining  the  spans 
of  the  arches  it  v;as  necessary  to  provide  for  the  re- 
quisite head  room  and  still  keep  the  elevation  of  the 
base  of  rail  as  low  as  possible.   The  intraJos  of  the 


one  arch  v/as  a  semi-ollipse  whose  major  axis  is  90' -0"  r>nd 
the  semi -minor  axis  is  15 '-0".   Tho  extralos  of  the   same 
arch  was  a  segment  of  a  seni-sllipse  v;hose  major  axis  is 
112 '-0"  and  the  semi -minor  axis  is  18 '-0",    The  neutral 
axis  of  the  rib,  same  amount  of  steel  being  used  in  the 
top  and  bottom,  v/as  a  five  oenteroi  arch  as  shov/n  on  Plate 
5.    The  Intrados  of  the  other  arcb.es  v/as  a  semi-Glllpce 
of  70 '-0"  major  axis  and  15 '06"  se-r.i -minor  axis.    The 
extrados  of  these  arches  v;as  a  semi -ellipse  of  88 '-0" 
major  axis  and  16 '-6"  semi -minor  axis.    The  neutr?.l  axis 
was  a  five  centered  curve  as  shown  on  Plate  2.    After 
consulting  the  designs  of  a  large  nur.ber  of  arches  it  was 
decided  to  use   1  l/s"  square  bars  at  four  inch  centers 
for  the  large  arch.    These  proved  to  be  too  hea.'rj   and 
the  size  finally  used  were  7/8"  square  bars  at  6"  centers. 
For  the  small  arch  1  l/s"  bars  at  four  inch  centers  was 
tried  but  finally  chanr;ed  to  0/4"  square  bars  at  6"  centers 

ilETHOD  CF  DESIGN. 
In  the  analysis  of  tho  arch  ribs,  the  elastic 
theory,  as  developed  by  Turneaure  and  Ilaurer  in  "Prin- 
ciples of  Heinforeced  Concrete  Construction",  was  used. 


The  arch  was  analysed  for  tv;o  conditions;  na.TiOly,  (1) 
live  load  on  half  the  span,  and  (2)  live  load  on  the 
entire  span.    Besides  these  conditions  the  rib  v/as 
checked  for*  dead  load  only. 

The  following  general  data  v/as  used: 
TTeight  of  earth  fill:  180  po\mds  rer  cubic  foot. 
Tfeight  of  concrete  :150  pounds  per  cubic  foot. 
'.Teight  of  ballast  •.120  pcuxids  per  cubic  foot. 

The  ratio  of  the  modulus  of  elasticity  of 
steel  (E=  50,000,000  )  to  that  of  concrete  (Z  -2 ,500,000) 
was  assumed  to  be  12. 

The  allo'.vable  stress  of  stoel  was  ta'^en  as 
15,000  pounds  per  square  inch. 

The  allov/able  stress  on  concrete  vras  taken  as 
750  pounds  per  square  inch  for  a  1:2  l/2:5  concrete  or 
better. 

The  bond  strength  was  assumed  as  100  pounds 
per  square  inch,  sin.ce  all  l:ars  used  were  deforme:!  bars, 

Tlie  unit  shear  on  plain  concrete  v/as  taken  as 
50  pounds  per  square  inch. 

For  reinforced  .uenbers  tho  unit  shear  ;as  taken 
as  75  pounds  per  square  inch. 


LIV?:  LOAD. 

The  met'nod  of  determinlnc  live  load  was  as 
follov/s:  According  to  specifications  (  C.''.  <^-  Ct.F.  I^y. ) 
"  For  spans  over  t./enty  feet  and  ■.-.•hei^e  fill  unier  rail 
is  more  f  an  tvro  feet  a  uniform  load  equivalent  to  E55 
loading  should  be  employed," 

'"eight  of  engine   equals  177  1/2  tons.   Base 
of  engine   equals  54.5  feet.   ",7:  Ight  per  foot  of  track 
177.5  X  2000 


=  6500  pounds. 


54.5 

The  tie  is  8  feet  wide.   The  load  is  assuraed 
to  spread  6"  horizontal  for  each  vertical  foot  of  fill. 

Therefore  at  crown  v/here  fill  is  2  feet,  the 
load  per  square  foot  equals   650o/8+l  =724  pounds. 

The  specifications  require  a  'JOf^    impact  stress 
Therefore  the  total  live  load  per  square  foot  equals 
724+ 50;t  724  =  1086  pounds.   This  can  be  called  1000 
pounds  per  square  foot  because  the  fill  under  the  rail 
soon  increases  and  hence  increases  the  live  load  spread 
and  reduces  its  intensity. 


DESIGN  OF  ARCH  RIB. 

The  arch  ribs  were  analysed  according  to  the 
"  Elastic  Theory"  as  explained  by  Turnoaure  and  Maurer. 
The  size  of  the  ribs  are  ^iven  on  Plates  2  ana  5.   The 
analysis  was  a  conbination  of  analytical  and  :;;raphical 
solution.    :  he  analytical  mathod  was  employed  v/here- 
ever  possible  and  checked  graphically.   The  determination 
of  the  divisions  of  the  arch  ribs  and  the  value  of  the 
thrusts  were  determined  only  graphically. 

In  the  development  of  the  "Elastic  Theory"  for 
beams  it  is  assumed  that  the  moment  of  ine."t,ia  of  the 
beam  is  the  same  thruout.    In  the  a^-^plication  of  this 
theory  to  arches  it  is  necessary  to  assume  that  the  ratio 
of  the  length  of  a  division  to  the  moment  of  inertia  of 
a  section  at  the  center  of  said  division  bo  constr^nt. 
Hence,  in  aialyzing  the  arches  the  first  thing  necessary 
is  to  divide  the  ribs  into  such  li^ngths  that  the  ratio  of 
length  ds  of  each  division  to  the  moment  of  inertia  ,1 
v/ill  be  a  constant. 

To  lo  this  the  large  arch  was  divi led  into  30 
equal  divisions  and  the  sr:.all  arch  into  20  equal  divisions 
The  moments  of  inertia  of  "transformed"  section  at  the 
centers  of  divisions  '.vere  calculated. 


A  base  line  equal  to  the  half  rectified  neutral 
axis  was  laid  off  and  divided  into  the  15  or  10  equal 
divisions  as  the  case  micht  be.    At  the  centers  of  these 
divisions  ordinates  were  erected  equal  to  the  values  of 
I  at  tlie  corresponding  sections.   A  sraooth  curve  was 
drawn  thrv  these  points.    An  inclined  line  was  now 
determined  which,  v/hen  repeatedly  dravm  fron  base  to 
ciirve  and  back  to  base  v.'ould  finally  divide  the  base 
into  15  or  10  divisions  as  the  case  might  be.    Thon 
we  had  the  values  of  the  divisions  of  the  arches  such 
that  ds/i  would  be  a  constant.   This  construction  is 
shown  on  Plates  2  and  5, 

The  loads  on  each  section  were  no.v  determined 
and  their  points  of  application,  relative  to  the  center 
line  at  the  crown,  and  also  relative  to  tho  center  of 
their  particular  section  centers, deternined.    '.Vith 
these  quantiti  es  the  bending  moment  at  the  center  of 
each  section  lue  to  external  loa.ls  'jas  cilculated. 
The  moments  on  the  right  and  on  the  left  were  determined. 
Eno'.ving  these   he  valu-s  of  IIj,  ,  ''o  and  "o   were  de- 
termined by  the  following  equations,  given  by  Turneaure 
and  'laurer: 


H     = 


n  ^  my   -   /  m  i.  y 


2  [Uyf-    n^y^] 


I'^    =- 


2  Z  X 
Ini  +  2HSy 


vYhere 

n=  number  of  divisions  in  half  the  arch 

m  ^  bending  nonent  on  right  half  of  arch  due  to 

external  loads 
111=  bending  nonent  on  left  half  of  arch  due  to 

external  loads. 

X  «  listance  of  center  of  division  to  crov/n  of  arch 
y=  distance  of  center  of  division  to  neutral  axis 

at  crow'n . 
X  =■  sign  ofl  suinnation. 
I"^  —  thrust  at  crovm 
Vjj  =  shear  at  cro.vn  vhlch  is  positive  "Then  upr;ard 

on  left  of  the  sections. 
!I^=  bending  moment  at  crovm  assiimed  as  positive 

v/hen  causing  coni^ression  in  the  upp^r  fibres. 
The  bending  nonent  at  any  section  nay  be  cal- 
ci;lated  fron  the  equation 

!'  =  ■"  +n-t  K  y  ±  \'" 


y/ 


where 

IJ  =:  total  bending  monent  at  section 

I-^  =.  bsn-ling  rnonent  at  crov/n 

H^y=  '.'endinr;  nonent  at  section  cause!  by  H,. 

V^  x  =.  bending  moment  at  section  caused  by  V^> 
V^K  is  negative  or  ositive  depending  on  the  dir-^ction 
of  rotation  caused  by  V  -.rhen  compared  .vith  that  caused 
by  H,. 

Kno:7ing  the  value  of  H^  and  V^  the  stress 
diagrams  were  drav/n  as  sho"./n  on  ?].ates  3,4,6  and  7. 
The  value   of  V^  v/as  laid  ubove  or  bo  lor;  the  center  of 
the  load  line  so  that  the  line  joining  the  pole  ••.'ith 
the  end  of  Vp  had  tlie  same  inclination  as  the  resultant 
of  "0  3-nd  '^o  plottecl  at  the  cfov/n  of  the  arch,   7rom 
these  the  thrusts  and  shears  at  each  section  were  found 
by  dra;vi  :g  lines  tangent  and  normal  to  the  neutral  axis 
at  the  section  considered.    By  means  of  the  stress 
diagram  a  moment  polygon  v/as  drawn  and  the  eccentricities 
of  the  thrusts  scaled  off.    Those  eccentricities  v;ere 
checked  by  dividing  the  total  moment  at  the  section  by 
their  respective  thrusts. 

Knoving  the  eccentricities  and  thrusts,  the 


stresses  v/ere   determined   from  the   eqiiation 


v/here 

s  =  unit  stress  in  square  inclies 

A  s  area  of  transf  crr.ed  section  in  square  inches 

P  -  thrust 

e  =  eccentricity  in  inches 

Ci  distance  from  neutral  axis  to  outer  fibre 

which  equals   d/2  in  our  case. 
I  *  monent  of  inertia  of  transformei  section. 

tei.:peratu?vE  . 

According  to  the  standards  of  the  C.!:.  ^z   'Tt.?.  Ry. 
a  temperature  provision  for  a  rise  of  15  F.  and  a  fall  of 
55  ?.  must  be  iuade.    The  thrust  at  the  cro'Jn  is  given 
by  Turneaure  and  Ilaurer  as 
ctln 


Haj:i/d3A —7, 


where 

E r modulus  of  elasticity  of  concrete   2,500,000. 
t  s  change  in  temperature  in  degrees  Fahrenheit. 


c  =  coefficient  of  expansion  0.000055  (c.'A.^c   St. P.  Ry. ) 
and  the  other  symbols  are  as  c^von   above. 

-^o^  y 

Fron  H  v;e  get  the  value  of  LI  « .   From 

n 

this  v/e  can  deterraine  the  eccentricity  of  the  thrust  at 

the  cro'.vn  and  deter:.iine  the  moaent  polygon. 

The  bending  r.ionent  at  ?.r?y  section  equals 

The  shear  and  thrust  at  all  sections  v/ere 
deternined  by  resolvin"  II  nornal  and  parallel  to  the 
neutral  axis  at  the  various  sections.    This  v.-as  done 
analytically.    The  stresses  produced  by  change  in 
temperature  were  tabulated  together  .vith  the  stresses 
due  to  live  load  an^i  the  maxiEiinn  conditions  deternined 
for  each  section.    The  stress  on  the  concrete  77as 
less  than  600  pounds  per  square  inch  except  at  sections 
1-4,  ]5  and  spr.     Here  additional  steel  ;7as  added. 
See  Plate  11.    The  unit  shears  were  less  than  30  pounds 
per  square  inch,  er:ce^:t  at  sections  14  to  springing. 
Here  stirrups  v;ere  placed  as  shov/n  on  Plate  11.    r:tlrrups 
were  placed  the  entire  span  of  the  arch  to  help  .pace  the 
rods  . 


Temperature  joints  \7cre   allov;ed  in  the 
retaining  walls  every  CO  feot.    A  conatruction 
joint  at  the  sKe.vback  provides  for  a  temperature 
change  in  the  mass  piers  and  abutments. 


47000 

54700 

101700 


DESIGN  07  STIRRUPS. 
Small  Arch  (  See  Plate  11.) 
Design  of  Stirrups  at  'prining, 
IJaximum  dead  load  and  live  load  sliear 
Temperature  shear 
Total  shear 
Area  of  concrete  at  springing  s  6.6  x  144 
Unit  shear  equals  101700/  G.6  x  144   s  107  pounds  pe 
square  inch. 

107-30=77  poun  Is  per  square  inch  to  be  ta":en  by 
stirrups. 

Try  5/4"  round  hooked  stirr-.-.ps. 
Let  X"   spacing  (  longitudinal  at  springing) , 
Use  6"  spacing  transversely. 

Therefore  77  x  6  x  "  »  4o2X  poun  Is  to  be  taken  by  one 
stirrup. 
Strength  equals  ,44  x  15000  *  6610  pounds. 


z^- 


Therefore  spacing   "  =  6610/462  =  14.5  inches , 

Nov/  if  v;e  use  double  stirru23S  -ve  can  xice 
a  spacing  of  2  foet, 

Since  the  stirrups  are  praci  ically  nomc.l 
to  tho  arch  ring  we  can  figure  them  as  vertical 
stii''rups  near  the  springing. 

Stirrups  at  10th  Section. 
Maximum  deadloaj  and  live  load  siiear  33,000 

Ternperaturo  shear  27  ^500 

Total  shear  60,300 

Unit  shear « 60, 300/5,1  x  144   =  82,75  pounds  per  siuare  inch, 
82.75-30  =  52.75  pounls  per  square  inch  to  be  taken  by 
stirrups . 
As  before  52.75  x  6  x  X  =  313X 

6618/513  =  21.5"    spacing  at  section. 
Therefore  v.-e  v/ill  make  spacing  1'— S", 

Stirrups  at  9th  Section, 
Maximum  dead  load  and  live  load  shear  8,000 

Temr.erature  shear  25,200 


Total  shear  53,200 

Unit  shear   33,200/  3.9  x  144  =       52,2  poiuids  per 
square  inch. 


/. 


52,2  —  50  =  29. C  pounds  •^'^r   square  inch  to  be  taken 
by  the  stirruns. 
As  before    29.2  x  6  x  ::  =  175:: 

::   =  5618/175   =  57.5" 
Therefore  v;e  will  use  5'-0"  spacing. 

Stirrups  at  8th  Section. 

MaxiniiiQ  dead   load  and   live  load    shear  3,500 

Tenperature  shear  19,5Q0_ 

Total  shear  23,000 

23,900 

Unit  shear  r =  45,5  pounds  per  square  inch. 

144  X  3.5 

45,6   -   30  =     15. S  jjounds  per    3",uar2    inch  to  be    ta',:en  by 
the    stirrups. 

As  before        15.6  x   6   x  ':    s  93. 7X 
:■;    =    6618/93.7    =     70". 
Therefore   v;e   v/ill  use   4'-0"      pacing. 

In   our   design  we   v;ill  use   4'-0"    spacing   from 
the   8th   section   to    the   crov/n. 


^? 


DE3IGK   OP    STi:tRU?S. 
Large   Arch.       (    See   Plate    11.) 
Stirrups  at  Springing, 
L'axiniun:  dead   loa:i  and   live    load   shear  44,300 

Tenporatixre    shear  29,900 

Total   shear  74,700 

74,700 

Unit  shear  =  =  104  pounds  per  sauarc  inch. 

12  X  5.95 

104  —  30  =  74  pounds  per  square  inch  to  be  talcon  by 

the  stirrups. 

Use  3/4"  round  hooked  rods. 

Strength  of  one  rod  =  .44  x  15000  =  6610. 

Let  X  spacing  longitudinally. 

"'e  v/ill  use  6"  spacing  transversely. 

104  X  6  X  n  =  62. 3X  pounds  to  be  taken  by  one  stirrup. 

6610 

=  10. S"  s-oacing. 

623 

If  v,e  use  iouble  stirrups  -e  can  use  a  spacing  of  l'-8" 


'stirrups  at  15th  r:ection, 
Llaximun  dead  load  and  live  load  shear 
Tempera  ure  shear 
Total  shear 


Unit  .shear  = 


54,000 


s   104 


4.5  X  12 


Therefore   v/e   v/i   l      se    same    spacing   as   bciP(6re. 


41, COO 

12,80Q_ 

54,000 


/ 


Stirrups   at   14th  Section, 
''aximun  dead   "oad  and  live    load   shear 
Temperature    shear 
Total   shear 


^nit  shear 


28,200 


.9  X   12 


19,200 

9,000 

iJO  y  20vJ 


;0   pounds      per   sqixare    inch. 


60-30  =  50  pounds  per  square  inch  to  be  taken  by  thi- 

stirx-'ufDS. 

As  before   30  x  6  x  "  =  180:: 

::  =  0610/  180  =  37" 
".7e  will  use  5  foot  spacing. 


A 


stirrups   at  13th  oectlon, 

I'axiiiiiiin  dead   load  and   live  load   shear                                   o,600 

Temperature    shear  6,810 

Total    shear  12,410 


12,410 

Unit  shear  =■ =   28  puunds  per  square  inch, 

3.7  X  12 


Therefore  no    stirrups   are   required,   but  v.'c    ttHI   use 
4'-0"    spacing   iron  he;."e    to   crov/n. 


.;.:)■      ,  ,     .;■■;«. 
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DESIGN  CF  PI^^.RS. 
From  i:lato  9  it  can  be  seen  that  tho  thrust 
due  to  live  load  on  the  half  span  of  the  large  arch  fell 
outside  of  the  lines  of  the  abutment.    In  order  to  take 
care  of  this  thrust  it  '.7as  deciiied  to  ::artially  fill  in 
the  Oldening  b3t".7een  the  slcev/baclcs  of  the  t'.vo  arches. 
These  pockets  were  forrr.ed  as  may  be  sean  on  plates  9  and 
11.    The  size  of  this  pocket  was  assiuned  and  checked  out. 

The  pockets  v/ere  nade  5'-0" 
'.?ide  and  the  .vebs  v/ere  made 
2 '-6"  thick.    This  arrange- 
ment ,  considered  as  a  foundation 
v;a3  checked  at  t".vo  separate 


^^r>-^-^"  ^fTxF 


_  ^   places. 


Center  of  gravitif  of 
section  shor/n  is  5.52  feet 
from  AA.    I'oment  of  inertia 
of  section  about  this  gravity 
axis-  is  840  inches.  '  Kccentricity  of  thrust   6.15^1,15^  5.0, 


lie   P 
+  — 

I    A 


Pec    ? 
+  — ■ 

I 


163000  X  7.5  X  6.15 


163000 


7.5 


840 


82.5 


^ 


2./ 


S   =  59800  pounds  per  square  foot 
=  415  pounds  per  square  inch. 
At  another  section  about  five  f  et  from  this 
above,  ecceiitricity  =  3.45  feet. 


Pec    P       P 
+ =   (6o/.i  +  l) 


163000  X  7.5 
8.1  X  7.5  X  144 


(  6  X  5.45/0.1  -h  1) 


=  440  pounds  per  square  inch. 
In  order  to  drain  the  v/ater  fron  these  pockets 
they  -.vill  be  b.iilt  on  a  slight  grade  and  drained  by  neaas 
of  a  4"  tile  drain  laid  with  open  joints.   This  drain  .'/ill 
connect  to  the  sev/ers  by  .-.eans  of  an  outlet  thru  the  pier 
under   ground. 

Plate  10  sho'js  the  final  dimensions  of  the  pier. 
Surface  area  of  pier  s  4o6,13  square  feet.    Therefore, 
the  weight  of  pier  per  lineal  foot  of  sane  is  400,13  x  150 
equals  61000  pounds.    The  center  of  gravity  '.vas  foimd  by 
cutting  the  p.'er  out  of  stiff  paper  and  balancing  sane  on 
a  point  of  a  pair  of  dividers. 


2. 


The  rreight  of  the  pier  v.'as  conbinecl  analytically 
'.7ith  the  veight  of  earth  above  the  pier,   ■7eir;ht  of  eartli 
equals  15000  pounds.    Therefore  the  total  equals  7G,000 
pounds. 

Plate  9  shows  the  graphical  conbination  of 
forces  to  deterrnihe  the  cases  of  maxinur.  and  nininun 
stress  at  the  toe  and  heel  of  the  pier. 

jiveconditlons  of  loading  were  investigated. 
Case  (l).   Live  load  on  far  side  of  large  arch. 

Thrusts  s  163000  pounds  and  86000  pounds. 
Vertical  pressui'-es  135000  pounds. 
This  falls  on  edge  of  middle  third  .vhen  effective  base 
is  I'educed  fron  35,5  to  33  feet. 

Unit  pressure  (I85000/o3)  x  2  »  11200. 

Spacing  piles  2  feet  centers  one  way  and  2' -6" 
centers  the  other;  the  load  on  last  pile   11200  x  5  =  56000 
pounds  or  28  tons.    According  to  G.:.:.  b.   St.  P.  Ry.  we  are 
allowed  25  tons  on  a  pile.'   This  overs  tress  occurs  only 
on  the  end  piles.   All  other  piles  are  understressed.  Hence 
we  will  assume  that  the  understressed  piles  .-.'ill  carry 
soae  of  the  load  of  the  overstressel  piles.    The  horizontal 
force  s 90700  pounds.   Coefficient  of  friction  = 907 ,0/l85000 
which  is  .49.     Therefore  this  is  safe  against  sliding. 


Caso  (2)     Live  Load  on  near  side  of  Ginall  arch. 

Thrusts   5  109000  pounds  and  114300  pounds.. 

Eccentricity  of  i^esultant  =■  3,55  fi  et. 

Vertical  pressure    181000  pounds. 
181000          6  X  5.55 
"^ (    1  + )  ■=.  8150  pounds 


181000 


-(      1  - 


;5.5 


Pressure  of  25  tons  per  oile  alio  .able  stress 
25  X  2000 

equals   ■  =   10,000  pounds. 

5 

Therefore  this  design  is  -'.K. 


Case  (3) .  Live  Load  on  far  side  of  large  arch  and  on 
entire  small  arch-^- 

Vertical  pressure  =  220000  poiuids . 

Eccentricity  r  0. 
220000 


35.5 


s  6,700  pounds.    Therefore  C.K. 


Case  (4).   Live  load  on  entire  large  arch. 

Vertical  pressure   226000  pounds. 
This  pressure  falls  on  edge  of  nidule  third  v/hen  effective 
base  is  reduced  to  29.5  feet.    Ilaximun  pressure   equals 


226000 
X  2   =  15300. 


29.5 


A"lov/able    pressure  -    10,000   pounds.      5:xcess=  55,00   pounis 

per  square   foot. 

5300  X   5 

'      —  12  tons  on  three  end  piles. 

2000 

TJ'e  v/ill  na  :e  the  sane  assunptlons  as  in  "Case  1". 

Case  (5) .    Live  load  on  both  s  -ans. 

Vertical  -frossure  =  260000  pounds . 

Eccentricity  =  0. 

260000 

Pressures  =  7500  pounds  per  sq .  ft.    O.I'.. 

35.5 

Shear  on  Stepped  Footings. 

As  seen  on  plate  9,  the  depth  of  last  stop  is 

3'-0".    Assuming  the  pile  to  project  I'-O"  into  the 

concrete,  (CLI.  k   St.  P.  ^y.)  the  aepth  available  for 

shear  is  24".   Unit  shear  is  30  pounds  per  square  inch. 

Load  on  one  pile  is  25  tons.   This  is  distributed 

over  a  length  of  2'-0",   Depth  required  to  resist  shear 

25  X  2000 

v/ithout   reinforcor-ont    -    — =01    inches. 

30   X   2   X   12 
25   X   2000 

7.'ith  reinforcing  = =   28" 

75  X  2  X  12 


Hence  it  v;ill  be  necessary  to  reinforce  our  footinco. 

Using  stirrups  inclined  at  45  Jegrees  to  the  vertical 

the  area  oi  stirrups  required  per  foot  =■  ,8vbs/f  cos 

.S  X  75  X  12  X  IS 

which  equals  = =  1.13  sq.  in. 

12000  X  .91 

■.7e  -.vill  use  II/I6"  round  stirrups,  looped  evory  9". 

12 
Area  per  f oot  *  4  x x  ,37  =  1.25  sq.  in.     C.K. 

18 

Reinforcing  for  Bending  Tonent. 
II   =   50000  X  1,5  X  12  =  900,000  inch  pounds. 
LI   =   900,000/2  ==  450,000  inch  pounds. 
Depth  to  stoel   06",  12",   5%    21". 
p  =.007   (fron  G.M.c":  Gt.  ?.  Ry.) 

Arear  of  steel   12  x  21  x  .007  =  1.76  sq.  in.  por  foot. 
Therefore  7;e  v;ili  use  I0/I6"  squa-e  bars  at  4  1/2"  centers. 
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GRAPHICAL  SOLUTION  07  ABUTIEIT. 

The  thrust  at  the  abutnont  at  end  of  70 '0" 
span  arch  due  to  live  and  dead  ]  oad  on  entire  span  .vas 
167,000  pounds,  .vhich  ..as  greater  than  that  due  to  any 
other  loading.    This  thrust  v/as  resolved  grapJiically 
•.vith  the  vertical  pressures  due  to  live  load  over  the 
abutment,  earth  fill  and  '.velght  of  abutment,   (See  Plats8( 

Thrust  of  arch  :J.67000 

Earth  fill -58200 

Live  load '24000 

■.7eight  of  abutment^5S50  ; . 

The  final  resiiltant  v;as  250000  pounds,  giving 
a  vertical  component  of  208,000  pounds. 

The  horizontal  conponent  ^'ould  cause  the 
abutment  to  slide..    The  resifeting  force  is 

208000  X  ,4  5  82,000  pounds  ,  horizontal  pressure 
due  to  vertical  force, 

34   X   120   X    .5 


X   34   X   3    =  62,500   poun-Is,    iioi'izont "».l 


2 

pressure  to  to  earth.     This  gives  us  a  total  of  144,560 
pounds,  .vhich  is  greater  than  143,000. 


^. 


The  foundation  is  clay  and  as   we  have  a  unit 

pressure  of  208000/28  -  7450  pounds,  v.-c  -.vill  u;ju  piles. 

Spacing  the  piles  as  shov/n  in  pile  plan,  Plate 

206000  V  32 

10,    v/e  have   a   pressure    per  pile   of        • =  40,300 

11  X   15 

pounds  if  the  pi'essure   '^Tere  uniforn. 

The  naximuin  nressure  per  pile  r/ill  be 
208000   '  G  X  208000  x  2.5  ' 

S  -^  5(  -^  — :; jr  56800  pounds 

28        1  X  (; 


OD^^ 


There  will  be  no  need  of  putting  steel  at  this  point 
as  the  abutnont  is  14 '-O"  thick  over  these  piles. 

On  the  heel  the  r.aximum  pressure  v.'ill  bo  due 
to  the  live  load  on  the  right  half.    The  resultant 
pressure  was  180000  pounds,  riving  a  vertical  pressure 
of  147000  pounds  v/ith  an  eccentricity  of  2,85  feet. 

The  unit  pi-'essure  at  the  heel  v/ill  be 
3  =  147000/28  +  (6  X  147000  x  2.85)/(28/a  l). 
=   8450. 

As  one  pile  tal:es  pressure  of  five  square  feet 
the  pressure  on  piles  at  heel  v;ill  be  34250  pounds. 

M  =  v;l  =  34250  (6  l/2  -*-  4  +  1  l/2) 
=   411000  ft,  lbs. 


12  X  411000  =  15000  X  A  ::    .87  x  5.75  x  12 

Therefore  A  =  5.47  sq .  in.  for  -.vidth  of  2  l/2  feet/ 

A  =  5.47/2.5  =  1.09  for  one  foot  v/i^Ie. 

Te  will  use  one  inch  square  bars  at  5"  cdnters. 
1  X  15000 

Length  for  bond  r  -    4*-G". 

70  X  4 

Por  the  final  dimensions  of  abutnent  see  plato  10. 

DE5IGII  OF  H^TAIITIIIG  V/ALLS . 
In  order  not  to  thro^v  eccentric  stress  on  the 
arch  ring,  the  retaining  walls  were  not  considered  as 
cantilevers  "iralls.    They  were  designed  as  gravit^^  ".vails 
for  10  feet  on  either  side  of  the  center  line.   Fron  this 
point  the  sans  section  was  used  and  stsel  rods  vreve   run 
frora  one  v/all  to  the  other  to  keep  ther.  from  being  pv.shed 
out. 

'.Te  will  figure  this  v;all  to  v/ith stand  a  fill 
of  dry  sand.   Then  fron  graphical  solution  of  earth 
pressm^e,  (page^^  at  a  depth  of  10  feet,  the  follo-.ving 

weight  of  sand  120  pounds  per  cubic  foot 

30=  equals  the  angle  of  repose. 

(p  +  q)/2  -1470.     (p-q)/2  =730. 
p  =  2205  and  q  =  755.       q/p  = .327 


■^c 


Therefore  to  obtain  the  hori::ontal  thrust 
on  the  wall  at  any  de;:th  v/e  v;ill  nultiply  the  vertical 
pressu-'e  by, 527 

DESIGIT  or  T7AIJL  AT  IKTERSECTICII  0?  ARCMES. 

Here  v/e  have  the  naxiniim  fill  of  12  feet. 

"e  also  have  a  live  load  of  1000  pounds  per  square  foot. 

Therefore  the   pressure  at  depth  of  12  feet 

=  12  X  120  -f  1000  =  2440  pounds  per  square  foot. 

2440  X  ,327  =  800  pounds  per  square  foot  horizontal 

thx-'ust  at  depth  of  "2  feot. 

800 
•. X  12  =   4800  poi;nds  total  thrust. 

'  '        2 

Area  of  1  l/2"  round  rod  =  1.767  sq.  in. 

Strength  is  1.767  x  15000  =  2  6,500  pounds. 

26500 

=   about  6  feet  spacing, 

4800 

Therefore  we  '.-.'ill  make  5  center  rods  1  l/2"  at  6  f::et 

spacing. 

Next  r;e  v/ill  try  a  section  at  a  distance  of 
11  feet  from  the  center  line  of  the  arch. 
?ill-S'-6"/ 
Therefore  8.5  x  120  =  1020  =  pressure  due  to  fill. 


r ' 


So 


1000  +  1020  =  2020  =   pressure (total) 
2020  X  ,527  =  656  pounds  pei-*  s:iuare  foot 

horizontal,  pressure  at  depth  of  8.3  feet. 

Total  thrust  -  (G56/2)  x  3.5  =  2790  pounds. 

Strength  of  one  1  l/2"  round  rod  26,500 

26500/2790  =    9.5  foot  spacing  at  this  point. 

Next  figure  for  transvers  rods  at  a  point  v;hero  the  ;vall 
has  a  six  foot  fill. 

Pressure  at  a  depth  of  G  feet   =  6  ::  120  =  720  pounds. 
Total  vertical  pressure  =  1000 -f- 720  =  1720  pounis. 
Unit  thrust  r  .327  x  1720  =  562  pounds  per  square  foot. 
Total  thrus".  =  (562/2)    x  6   =  1G85  pounds. 


26500 

Spacing  of  1  l/2"  round  rods  .'.  = =  15.7  feet. 

1685 


(■',.'  (■/  ,<. 
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DET3?JviinATI0n   OF   GONC:-^TE  QUAIITITIES. 

Abutr.ients . 

Surface  area   590  sq.ft.   (Page   ) 

There  are  tv;o  abutments  32'v;icle. 

590  X  32  X  2 
Amount  of  conc:-=ete  925  cu,  yards 

27 

Piers. 

Surface  area    259.13  sq ,  St. 

259.1.:  X  12  X  2 

Amount  of  concrete     • =-   C15  cu.  y:h 

27 


Concrete  in  braces  forming  pockets  bet^^een  ske.vbacks 


27 

58.5  sq,  ft,  ■=  equals  surface  area  of  face 

12  feet  equals  total  thickness  of  braces  in  52 '-0''. 

Total  concrooe  =   615  7^52  —    667  cu,  yds. 

Arch  Ribs, 
Surface  area  small  arch  —  22i:i/l50  =7  147 .6  sq.  ft. 
22161  =^ weight  of  rib  per  lineal  ft.     (Page    ) 
Surface  area  of  large  arch  ■=     25684/l50  =r  171  sq.ft, 
25684  =■  v.oignt  of  rib  per  lineal  foot.   (Page   ) 
Rib  area   171   2  @  147.5  =n  466.2  square  feet/ 


JB^ 


466.2  X  52 
Volume   —  =  552.5  cubic  yards. 


Spandrel  '.Tails, 

Surface  area  sr.all  arch  =■  r:70o3/l20  =:    225  square  feet. 

27033=^  v/eight  of  earth  fill  on  arch  (Page  ) 

Surface  area  large  arch  =  27775/l00  =    '211 ,1T:>   sq.  ft. 

27775   '.7elsht  of  earth  fill   (Page  ). 

Total   surface   area   for   t'-vo  r/alls  =2(  277.75     2©  225) 

equals  1455.5  square  feet. 

Ilaxiraun  thickness   of  wall    ==.     2  ' -3  ' . 

Volune   of   .vail   if   it   V7ere    of   such  entire    thickness 

1455.5  X  2.25 

— ■  =■   121.3  cubic  yards. 

27 

Due  to  batter  on  wall  we  r.ust  subtract   ll/l2  x  oj'Z   x  500/27 

or  15,3  cubic  yards. 

Therefore  volune  of  ■.•/alls  ="  121.3—  15.3  -=■  106  cubic  yards. 

Railings . 
For  a  solid  railing  volune   equals   5.5  x  (90  2  G70)2/27 
or  59.5  cubic  yards. 

Subtract  2  x  l/2  x  l/2  x  155/27  x  2  =  5.75  cu.  yards  for 
openings  in  railings. 
Therefore  volune  of  railing  ;==•  59.5  —5.73  =r  S3, 75  cu.yds. 


33 


Th3  concrete  in  the  piers  and  abutnents  need 
not  be  the  best.    This  is  mass  construction  and  a 
1:  o:  6  concrete  .Till  do.    The  concrete  In  the  arch 
rib  nust  be  very  s^od.    This  v/ill  be  1:2:4.    The 
concrete  in  the  spandrel  v;alls  and  rr^iling  v/hile  not 
mass  concrete  need  not  be  as  ^ood  as  that  in  the  rl"  s. 
Therefore  it  v;ill  be  1:2  l/2    :  5 J- 


^^ 


Conclusion. 
As  stated  in  the  beginiinlnc  of  this  paper,  the 
purpose  of  this  thesis  mrs   to  i^ivestigate  the  practic- 
ability of  the  construction  of  an  arch  bridge.    The 
conclusion  nust  be  viewed  from  the  side  of  the  Railway 
and  also  from  the  side  of  the  '.'.'est  Park  Oonr.iissionors. 

As  far  as  the  V/est  Pai'k  Comnissionors  are  con- 
cerned there  is  no  doubt  but  that  the  aethetic  qualities 
of  such  construction  are  Tar  superior  to  that  of  plain 
spans . 

?ron  the  point  of  viev;  of  the  ?.ailv/ay,  the 
first  great  objection  is  the  fact  that  arch  construct- 
ion increases  the  elevation  of  the  base  of  rail  by 
2  or  2  1/2  feet.   This  necessitates  that   every  train 
crossing  over  rlur.boldt  Boiilevard  ".7ould  have  to  be 
raised  tr/o  feet  or  nore  than  if  a  plain  horizontal 
span,  plate  girder  bridge  v;as  constructed.    This 
quantity  could  not  easily  be  calculated  in  dollars  and 
cents,  but  the  fact  still  remains  that  the  additional 
pov/er  consuned  '.voul:?  be  ehoruous.   Again  the  form 
v;ork  required  in  connection  7/ith  arches  v/ould  far  exceed 
that  of  a  plain  span.   Again  the  size  of  piers  and 


3S' 


abutments  is  excessive.    This  hor/over,  mij^ht  be  balance-i 
by  the  large  number  of  sroall  piers  required  in  plate 
girder  construction. 

It  v/oul  I  be  impossible  to  make  a  further  com- 
parison between  the  cost  of  an  arch  b.^id^e,  such  as  is 
proposed  in  this  thesis  and  a  plate  girder  or  slab  con- 
crete bridge,  v/ithout  figuring  their  actual  costs. 
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)inall  Arcjh     70  Ft,   Span, 
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'omperature  Stroaa  In  Small  Arch. 
!^ue  to  Fall  Of  30* F. 


HQ«Thrust  at  -\butment  due  to  temp,  chango 


H  »El/d»,   ctlg     p   Referring  to  half  of  Arch 
o      Sin  iY2  _  i.Y'^) 

t  is  rise  o*  fall  in  temp, 

c  is  Coef .  of  expansiona.OOOOOSS 

1  is  span 

E  is   the  I'oduloua  of  Elasticity     2,500,000(C.M.&G.P.   3-0^ 

n«    nc.    of  Divisions.  ■ 

Y^-  64.36  9 

1/^)2=  269.94  m 

l/ds  =  1.39  (ave.)  9 

"  -(144^2,500,000  ;«•  139)*. 0000055  x  30^70*10 

n^  «♦ 68,100 

0  J 

.  II^2Y  68.100  Jf  16.43     _        -112,000 


or  tho 


to  a  fall  of  30 


FOr  a  Temp  rise  oi'  35°  F.  the  temp  stresses  will  be 

35/30  th's  Of  those  due  to  a  fall  of  30°  F,  ,  but 
the  sign  of  the  stress  in  each  fiber  will  be  changed. 

AcGcrdinr  to  C.Uo&S.P.R.R.  spec,  all  Concreto 
structures  must  be  designed  for  a  Temp,  rise  of  15* 
and  a  fall  of  35®  7. 
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Larce  Arch   80Ft.  3pan 


Dead  Load  Only 
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Teiapot^turo  Stross  in  Lar/^o  Arch 
Due  to  a  Rise  of  15^  F 

["hrust  at  iibutinent  due  to  tonporature  change 


iU«:::i^s. 


f7~  —  "2""' 


:^ef faring  to  half  arch 


t  is  rise  or  fall  in  temper, 
c  is  Coef .  of  expansion  «. 0000055 
1  is  span 

:  i-3  the  ?lociulus  of  Elasticity  »  2,500,0000   v(G.!:.(5; 
n  »  numlxjr  of  divisions 
£y''^c  137.32 

(Sir)-      «  (29.14)2  «  848.7 
l/ds  =  1.46   (ave.) 
IIq  =  2,500,000  X.  Io4G  y.   144  ^  .0000055  ^  T"    


2    (15   y    137.82    -   840.7 


=  +24,200 


••  =;      -HoS^y  24,200^,29.14 

"o—     -  — 


-40,300 


Tor  a  Tem.  fall"  of  35°?  the  ten.  stresses  will  bo  35/l5 

of  those  due  to  a  rise  of  I5°7-.,but  the  si^n  of  the  stress  In  eacl 

fibre  will  bo  changed. 

According  to  C.M.<!:5toP.ny,spec.  all  Concrete  structures 
must  bo  designed  for  a  Tem.  rise  of  15°  and  a  fall  of  35*  . 
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